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Objectives: Experimental studies have demonstrated that decreases invessel wail compliance and increases in turbulence 
may contribute to (re)stenosis. We studied vessel wall and flow characteristics after endarterectomy with Dacron patch 
plasty and after eversion endarterectomy, andcompared those findings with the characteristics of non-stenotic, unoperated 
carotid arteries (controls). 
Methods: Seventy-four patients who underwent 84 carotid endarterectomies were studied postoperatively b  ultra- 
sonography (2-24 months) Recorded variables included the diameter of the bulb, strain, elastic modulus (stiffness), and 
presence of turbulent flow. 
Results: The vessel wall and flow characteristics of the two groups differed significantly. The diameter was higher and 
the strain lower in Dacron patch plasty than in controls; eversion endarterectomy did not differ from controls. The elastic 
modulus was higher (stiffer) in Dacron patch plasty than in eversion endarterectomy; neither Dacron patch plasty nor 
eversion endarterectomy differed significantly from controls. The stiffness index was not significantly different between 
the groups. Turbulence was present in Dacron patch, plasty and eversion endarterectomy when compared with controls. 
Conclusion: In diameter, strain and stiffness, the operated carotid artery resembles the non-stenotic, unoperated artery 
more closely after eversion endarterectomy than after Dacron patch ptasty. 
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Introduction 
Carotid endarterectomy is widely used to treat severe 
stenosis of the internal carotid artery. 1-3 However, re- 
stenosis after endarterectomy is not rare. It occurs with 
a prevalence ranging from 6.4% to 23.9%, with a mean 
of 12.9%. 4Most restenoses occur within 2 years after 
the operation. The lesions result from: (a) technical 
deficiencies, uch as an intimal flap, which in fact are 
residual stenoses; 5'6(b) myointimal hyperplasia caused 
by the "response to injury" reaction of the en- 
darterectomised vessel wall; 7'8 and later, (c) continuing 
atherosclerosis. 9 In addition, increased turbulence 1°'11 
and altered vessel wall characteristics (for example, 
reduced compliance of the arterial wall) may also be 
important factors in recurrent stenosis, m'~3 
Several techniques have been proposed to decrease 
the incidence of recurrent stenosis. Endarterectomy 
followed by routine closure with a vein or synthetic 
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patch appears to have favourable results over primary 
closure. 14-16 In many cases, however, the problem of 
recurrent stenosis is not eliminated by routine patch 
closure.17 21An alternative to open endarterectomy 
with or without patching is the eversion en- 
darterectomy, which has a low rate of recurrent sten- 
osis. 22-2s Although much effort has been devoted to 
determining whether the various surgical techniques 
affect he incidence of recurrent stenosis, no technique 
has proven clearly superior to the others in reducing 
the rate of recurrent stenosis. The applied surgical 
technique may, however, result in certain post- 
operative vessel vessel wall  or flow characteristics 
that may contribute to recurrent stenosis. To identify 
those postoperative parameters, we studied vessel wall 
and flow characteristics after both endarterectomy 
with Dacron patch plasty and eversion endarterectomy 
by duplex ultrasonography. We noted the diameter, 
elasticity, and the presence of turbulent flow after these 
reconstructions and compared them with controls. In 
addition, we analysed the possible ffect hat generally 
accepted risk factors might have on these variables. 
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Materials and Methods 
The study group consisted of 74 patients whose mean 
age was 68 years (range 49-83 years). There were 49 
men and 25 women. In these patients, 84 en- 
darterectomies were performed, 66 of which were 
closed by Dacron patch plasty. An eversion en- 
darterectomy was performed in the other 18 cases. 
Normal contralateral carotid arteries erved as controls 
(n = 18). Measurements of the diameter, strain, elastic 
modulus, and turbulence were obtained in 76 cases 
(48 Dacron, 18 eversion and 10 control). One surgeon 
performed all eversion endarterectomies; the Dacron 
patch plasty operations were performed by one of five 
different surgeons. Patients were studied post- 
operatively using colour duplex imaging, which was 
performed in the vascular laboratory by a single in- 
vestigator. The study was approved by the hospital's 
Institutional Review Board. 
History and physical examination 
The patient's past medical history was evaluated for 
the presence of neurological symptoms (transient isch- 
aemic attack, amaurosis fugax, and cerebrovascular 
accident) and cardiovascular risk factors uch as smok- 
ing, hypertension, diabetes mellitus, hyperlipidaemia, 
coronary disease, peripheral vascular disease, family 
history, and previous cardiovascular surgical in- 
terventions. At each follow-up visit the patient under- 
went a routine physical examination with special 
emphasis on the cardiovascular and cerebrovascular 
systems (which included assessment ofweight, height, 
heart rate and rhythm, right and left brachial artery 
blood pressure, and the presence or absence of carotid 
pulses and bruits). 
Operative findings 
Information on the operative procedure, obtained from 
the surgical records, included the type of carotid en- 
darterectomy, the use of heparin, the use of a shunt, 
the ischaemic time, intraoperative monitoring (blood 
pressure, EEG), and postoperative medication. The 
ischaemic time was defined as the time during which 
the internal carotid artery was clamped distally. If a 
shunt was inserted, the two periods of clamping (be- 
fore and after insertion of the shunt) were recorded. 
If a Dacron patch was used, it was a knitted collagen- 
coated Hemashield R (Meadox Medicals Inc., Cad- 
dington, U.K.); the patch was sutured with a con- 
tinuous prolene suture. 
Colour duplex ultrasonography 
The ipsilateral carotid artery was evaluated by colour 
duplex ultrasonography to determine the haemo- 
dynamic and anatomic characteristics of the carotid 
arterial system and the presence of recurrent stenosis 
or other complications of the carotid operation. In 
addition, the contralateral carotid system was in- 
vestigated to identify disease or, if a stenosis was 
absent, to serve as the control for comparison with the 
reconstructed artery. 
For duplex imaging, ATL-ultrasound (Advanced 
Technical Laboratories, Seattle, WA, U.S.A.) was used, 
with a 5 MHz pulse wave probe. The following pro- 
tocol was used. First the carotid arteries were scanned 
using the B-mode to identify the possible presence 
of pathology (thrombus, plaque, intimal flap, false 
aneurysm) and blood flow velocities were measured 
in the common, the internal and the external carotid 
artery. If a stenosis was present, the velocity was 
measured at the narrowest point of the stenosis. The 
following criteria for peak systolic velocity (PSV) and 
end-diastolic velocity (EDV) were used to determine 
the percentage ofstenosis of the internal carotid artery: 
(a) PSV<125cm/s, EDV<140cm/s, and no plaque 
present: stenosis 0-15%; (b) PSV<125 cm/s, 
EDV<140 cm/s, and plaque present: stenosis 16-49%; 
(c) PSV>125cm/s, EDV<140cm/s: stenosis 50-79%; 
(d) PSV>125 cm/s, EDV>140 cm/s: stenosis 80-99%. 
If no velocity could be measured, an occlusion was 
diagnosed. Recurrent stenosis was defined as a re- 
duction of the lumen diameter of the internal carotid 
artery greater than 50%. Turbulence of flow in the 
carotid bulb was examined and velocities were ob- 
tained in the anterior, mid, and posterior portion of 
the bulb. Flow was considered turbulent when it gave 
both antegrade and retrograde velocity measurements 
and displayed a mixture of red and blue in the colour 
Doppler image. The reversed flow that is normally 
found in the posterior part of the bulb was not con- 
sidered turbulent. 
The diameter of the bulb was measured during 
systole and diastole using M-mode ultrasound. The 
carotid artery was insonated from the neck behind 
the sternocleidomastoid muscle. The diameter of the 
widest point of the bulb was measured at the site of 
the Dacron patch or eversion endarterectomy. The 
patient's head was positioned at an oblique angle (45 ° ) 
and the probe was held vertically. The image was 
frozen at a 90 ° angle when the widest point of the 
bulb was in view. The diameter of the bulb was 
measured at end-systole and at end-diastole, using the 
scroll-feature of the ATL machine (Fig. 1). At each 
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Fig. 1. Measurement of he systolic and diastolic diameter of the carotid bulb by M-mode cho-Doppler. In this example the systolic 
diameter was 0.77 cm and the diastolic diameter was 0.63 cm. 
measurement, 6-10 pulse curves were recorded. After 
the image was enlarged, systolic diameter (Ds, in cm), 
diastolic diameter (Dd, in cm), and change in diameter 
were determined (AD = Ds-  Dd), as well as the mean 
values of the three measurements. Subsequently, ar- 
terial pulse pressure (PP=Syst BP-diast BP in 
mmHg), strain (ratio of the change in outside radius: 
Strain = AD/Dd), and the pressure-strain elastic modu- 
lus (Ep, in mmHg) were calculated according to the 
formula of Peterson: Ep=PP/(AD/Dd) in mmHg. 26'27 
The elastic modulus correlates inversely with stiffness 
of the vessel wall: the greater the modulus, the less 
the artery will stretch in response to an applied force. 
Subsequently the stiffness can be calculated according 
to Kawasaki et al. 28 This index characterises the entire 
deformation behaviour of the arterial wall without 
pressure dependence in the physiological range: Stiff- 
ness index = In (Psyst / Pdiast) / ((Dsyst- Ddiast)/Ddi- 
ast). Compliance is the inverse relation of both the 
elastic modulus (Ep) and stiffness index and includes 
both the intrinsic elastic property of the vessel wall 
and the arterial pressure. 
The contralateral unoperated carotid artery of en- 
darterectomised patients erved as a control if duplex 
ultrasonography did not reveal stenosis or ar- 
teriosclerotic wall thickening. If there was post- 
operative oedema or scarring, the quality of the image 
was not always sufficient o determine xactly the 
intimal lining of the vessel or the patch. Therefore, 
measurements of the turbulence, diameter, strain and 
elastic modulus were obtained in 48 Dacron patch, 18 
eversion, and 10 control cases. 
Data analysis 
All data were recorded using the Project Manager 
Software by Medical Research Data Management. For 
statistical analysis, data were transported to the stat- 
istical software packages BMDP 5V (for repeated meas- 
urements analysis of variance with missing values) 
and EGRET (for logistic regression). The effect of 
surgical technique on turbulence, diameter, strain, and 
elastic modulus was analysed and compared wi th  
control data. For each group (Dacron, eversion, and 
control), the mean values for systolic and diastolic 
blood pressures and diameters, strain, and elastic 
modulus were calculated. Additionally, age at oper- 
ation, the ratio of men to women, and the percentage 
of smokers and patients with hypertension, hyper- 
cholesterolaemia, or diabetes mellitus were calculated 
for each group. 
The effects of surgical technique on diameter, strain, 
elastic modulus and the stiffness index (all continuous 
outcome variables), were analysed by repeated ana- 
lysis of variance. The repeated measurement was 
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Table 1. Demographics and risk factors of patients. 
Surgical Technique 
Variable Dacron Eversion Control 
Number of patients 66 18 18 
Age (years) 70 ± 7 68 ± 8 62 _+ 10 
Male (%) 61 83 78 
Hypertension (%) 78 65 61 
Smoker (%) 53 41 50 
Hyperlipidaemia (%) 54 47 41 
Diabetes (%) 23 29 11 
Table 2. Blood flow and vessel wall characteristics of the three 
groups. 
Surgical Technique 
Dacron Eversion Control 
BP syst (mmHg) 151+26 131+20 140_+28 
BP diast 80_+12 71_+8 80-+10 
BP syst-diast 71 -+ 21 61 ± 17 60 -- 22 
Diam syst (cm) 0.98_+0.18 0.84_+0.14 0.86_+0.13 
Diam diast 0.94+0.17 0.80_+0.14 0.81_+0.14 
Diam syst-diast 0.04 _+ 0.02 0.04-t- 0.02 0.05 4- 0.03 
Strain 0.04 -+ 0.02 0.05 -+ 0.02 0.07-+ 0.05 
Elastic modulus (mmHg) 2690_+ 2742 1469 4-1037 1325 ± 1054 
chosen because ach patient had two sides (left and 
right), as well as three possible types of operation: 
none (control), Dacron, and eversion. This model was 
also used to analyse the effects of the covariates (risk 
factors) age, sex, hypertension, smoking, hyper- 
cholesterolaemia, and diabetes on each of the outcome 
variables. The effects of surgical technique on the 
outcome variables during follow-up were corrected 
for risk factors. This model enabled us to estimate 
the effect of surgical technique while adjusting for 
differences in the distribution of risk factors among 
the techniques. A logistic regression model was used 
to study the probability of turbulent flow as a function 
of surgical technique. The same model was used to 
assess the relation between the probability of tur- 
bulence and diameter, strain and elastic modulus. 
Additionally, the effects of age, sex, hypertension, 
smoking, hyperlipidaemia, nd diabetes mellitus on 
turbulence were analysed. 
Results  
Patients' characteristics and risk factors are given in 
Table 1, and the mean values of blood pressures, 
diameters, strain, and elastic modulus of the carotid 
arteries are reported by group in Table 2. The mean 
follow-up time at which a duplex scan was obtained 
was 10.5 _+ 10.8 months (9.6 _+ 15 months for the Dacron 
Table 3. Effects of surgical technique, age, sex, and risk factors 
on the diameter of the bulb of the carotid artery. 
Parameter Coefficient s.E. p-value 
Constant 0.73 0.21 
Surgical Technique <0.001 
Dacron (n =48) 0.10 0.04 0.017 
vs. control (n = 10) 
Eversion (n = 18) -0.08 0.06 0.16 
vs. control (n = 10) 
Eversion - 0.18 0.04 <0.001 
vs. Dacron 
Age (years) 0.005 0.003 0.05 
Sex (M vs. F) -0.14 0.04 <0.001 
Hypertension (yes/no) 0.07 0.04 0.11 
Smoking (yes/no) 0.11 0.04 
0.02 0.04 0.66 
Diabetes (yes/no) -0.01 0.05 0.83 
The coefficient represents the change in the diameter per unit change 
of the parameter. For example: an increase of 1 year is related to an 
increase in diameter of 0.005 cm; females have a 0.14 cm smaller 
diameter than males. Surgical technique has a significant effect on 
diameter (indicated by the p-value <0.001). The diameter after 
Dacron is 0.10 cm larger than control and 0.18 cm larger than after 
eversion. 
patch plasty and 18.0 + 13.5 months for the eversion 
endarterectomy). 
The average ischaemic time was similar for eversion 
endarterectomy and Dacron patch closure with use of a 
shunt (9 min), but was substantially onger for Dacron 
patch closure without use of a shunt (18 min). 
Wall characteristics 
After endarterectomy with Dacron patch closure, the 
diameter of the vessel was significantly larger than 
after eversion endarterectomy or than in the control 
carotid arteries (Table 3; Fig. 2). No thrombus was 
observed on the Dacron patch. The diameter of the 
carotid artery bulb after eversion endarterectomy did 
not differ significantly from that of the controls. Men 
had a significantly larger bulb diameter than women, 
and older patients had a significantly larger bulb dia- 
meter than younger patients. The diameter was sig- 
nificantly smaller in smokers than in non-smokers. 
The strain was significantly lower after Dacron patch 
plasty than in controls (Table 4; Fig. 3). After eversion 
endarterectomy, strain did not differ significantly from 
that in controls or after Dacron patch plasty. No risk 
factor was significantly related to the level of post- 
operative strain. The elastic modulus was significantly 
higher after Dacron patch plasty than after eversion 
endarterectomy (Table 5; Fig. 4). After either Dacron 
patch plasty or eversion, the elastic modulus did not 
differ significantly from control. Of the risk factors, 
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Fig. 2. Diameter (median and 25th, 10th, and 1st percentile) of the carotid artery after endarterectomy followed by Dacron patch plasty 
and after eversion endarterectomy compared to control. 
Table 4. Effects of surgical technique, age, sex, and risk factors 
on the strain of the bulb of the carotid artery. 
Parameter Coefficient s.~. p-value 
Constant 0.01 0.04 
Surgical technique <0.004 
Dacron (n=48) -0.03 0.01 0.0015 
vs. control (n = 10) 
Eversion (n = 18) - 0.02 0.01 0.07 
vs. control (n = 10) 
Eversion 0.01 0.01 0.1 
vs. Dacron 
Age (years) 0.0005 0.0005 0.38 
Sex (M vs. F) 0.01 0.007 0.14 
Hypertension (yes/no) 0.004 0.008 0.58 
Smoking (yes/no) 0.01 0.008 0.17 
Hyperlipidaemia (yes/no) -0.01 0.007 0.16 
Diabetes (yes/no) -0.005 0.009 0.59 
Surgical technique has a significant effect on strain (indicated by 
the p-value 0.004). The strain after Dacron is 0.03 smaller than 
control. 
only hyperl ipidaemia was significantly related to in- 
creased elastic modulus of the carotid artery. Surgical 
technique had no significant effect on the stiffness 
index (p=0.12). Nevertheless, the stiffness index 
showed a tendency to increase after Dacron patch 
plasty when compared with the index after eversion 
endarterectomy (p = 0.07) (Table 6). 
Turbulence 
The occurrence of turbulence increased significantly 
in both the Dacron and the eversion groups when 
compared with controls (Table 7). The eversion group 
showed a trend for increased turbulence when com- 
pared with the Dacron group. However,  this difference 
was not statistically significant. Furthermore, tur- 
bulence was significantly related to increased iameter 
and to increased elastic modulus, but not to strain. 
Hypertension was significantly related to turbulent 
flow. 
Recurrent stenosis 
Recurrent stenosis was absent in the eversion group 
(n=18), whereas five carotid arteries (5/66; 7.6%) in 
the Dacron group showed recurrent stenosis with a 
luminal reduction of more than 50%, a difference 
which was not statistically significant (p>0.05, Fisher 
test). Since this study was not designed to detect 
recurrent stenosis but rather to analyse vessel wall 
characteristics, we did not analyse these data in more 
detail. 
Discussion 
Apart from the generally accepted cardiovascular risk 
factors, it is not clear which factors increase the pos- 
sibility for recurrent stenosis after carotid en- 
darterectomy. Obviously, surgical technique may play 
a major role by modifying vessel wall and flow char- 
acteristics: suturing techniques may influence the re- 
sidual lumen, and patch material, if used, has a major 
effect on the vessel wall characteristics. We found that 
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Fig. 3. Strain (median and 25th, 10th, and 1st percentile) of the carotid artery after endarterectomy followed by Dacron patch plasty and 
after eversion endarterectomy compared to control. 
Table 5. Effects of surgical technique, age, sex, and risk factors 
on the elastic modulus of the bulb of the carotid artery. 
Parameter Coefficient S.E. p-value 
Constant 4948 2186 
Surgical technique 0.05 
Dacron (n =48) 1108 734 0.13 
vs. control (n= 10) 
Eversion (n = 18) 50 767 0.9 
vs. control (n=10) 
Eversion - 1058 483 0.028 
vs. Dacron 
Age (years) -58 32 0.068 
Sex (M vs. F) 22 457 0.96 
Hypertension (yes/no) 253 491 0.61 
Smoking (yes/no) -403 469 0.39 
Hyperlipidaemia (yes/no) 903 437 0.039 
Diabetes (yes/no) 815 534 0.13 
Surgical technique affects the elastic modulus (p=0.03): eversion 
endarterectomy has a significantly lower elastic modulus 
(1058mmHg) than Dacron. The presence of hyperlipidaemia s 
related to increased elastic modulus (by 903 mrnHg). 
the carotid artery anatomically resembles the contra- 
lateral unoperated carotid artery more closely after 
eversion endarterectomy than after endarterectomy 
followed by Dacron patch closure. After eversion en- 
darterectomy, neither diameter, strain, nor elastic 
modulus were significantly different from the values 
in the unoperated controls. Dacron patch insertion 
caused a significant increase in diameter, a decrease 
in strain, and an increase in elastic modulus, which is 
similar to a decrease in compliance. The stiffness index 
of the groups, however, did not differ significantly, 
although the trend for an increased stiffness index 
after Dacron patch plasty was clear. The stiffness index 
is relatively independent of large differences in blood 
pressure. Since the blood pressure of the two surgical 
techniques differed, we found it appropriate, in ad- 
dition to the frequently used parameter elastic mod-  
ulus, to determine the stiffness index using a two- 
tailed, rather than one-tailed, analysis of variance. The 
values of the elastic modulus and the stiffness index 
indicate a decreased compliant vessel wall following 
Dacron patch plasty compared with the eversion tech- 
nique. 
Both techniques were associated with turbulent flow. 
In the case of Dacron patch plasty, turbulence should 
probably be attributed to the increases in diameter 
and elastic modulus,  since turbulence was significantly 
related to both variables. Turbulence may accelerate 
recurrent stenosis due to myoint imal hyperplasia. 3° 
The patch closure (depending on the size of the patch) 
may thus produce turbulent flow that may contribute 
to recurrent stenosis. 31 The relative increase in the 
diameter of the bulb compared with that in the com- 
mon carotid artery is related to a shift in lumen 
diameter which predisposes to turbulent flow. Sur- 
prisingly, however, Dacron patch plasty, accompanied 
by an increase in both diameter and vessel wall stiff- 
ness, did not increase turbulence more than eversion 
endarterectomy. Since all measurements were obtained 
after healing of the wound,  only persistent changes in 
the vessel (wall) characteristics were identified. We 
did not observe any narrowing of the lumen caused 
by thrombus on the patch. The increased diameter 
itself may counteract he occurrence of restenosis. 
Nevertheless, it has been stated that "patch grafting 
should not be used to increase the size of the en- 
darterectomised vessel but rather to change the shape 
of the bifurcation to maintain asemblance of its original 
diameter and to change the shape of the bifurcation 
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Fig. 4. Elastic modulus (median and 25th, 10th, and 1st percentile) of the carotid artery after endarterectomy followed by Dacron patch 
plasty and after eversion endarterectomy compared to control. *4 outliers. 
Table 6. Effects of surgical technique, age, sex, and risk factors 
on the stiffness index of the bulb of the carotid artery. 
Table 7. Odds ratio (O.R.) of turbulence of blood flow in the bulb 
of the carotid artery. 
Parameter Coefficient s.s. p-value 
Constant 42.6 20.6 Eversion 
Surgical Technique 0.12 vs. Dacron 
Dacron (n =48) 9.4 6.8 0.16 Control - 1.68 
vs. control (n = 10) vs. Dacron 
Eversion (n = 18) 1.2 7.1 0.86 Diameter 3.43 
vs. control (n = 10) Strain - 10.42 
Eversion - 8.2 4.5 0.07 Elastic modulus 0.0005 
vs. Dacron Age 0.03 
Age (years) -0.5 0.3 0.13 Sex 0.55 
Sex (M vs. F) -1.2 4.3 0.78 Hypertension 1.46 
Hypertension (yes/no) 0.77 4.6 0.87 Smoking - 1.08 
Smoking (yes/no) -2.3 4.4 0.60 Hyperlipidaemia 1.00 
Hyperlipidaemia (yes/no) 7.3 4.1 0.07 Diabetes -0.54 
Diabetes (yes/no) 9.5 5.0 0.06 
Surgical technique did not significantly affect the stiffness index 
(p=0.12). The difference between Dacron patch plasty (15.4) and 
eversion endarterectomy (7.2) was just not significant (p = 0.07). 
The level of control was 6.0. 
to alter the subtle flow characteristics that otherwise 
may lead to an abnormal response of the arterial wall, 
resulting in the formation of myointimal proliferation 
and atheroma". 32 
The presence of risk factors may contribute to the 
occurrence of restenosis. We analysed the effect of 
various factors and determined their association to 
vessel wall characteristics. For example, hyper- 
cholesterolaemia h s been associated with early re- 
cur rent  s tenos is ,  33'34 which in part is caused by changes 
in the vessel wall, a finding that corroborated our 
observations. In addition, smoking is a well known 
risk factor for recurrent stenosis, 3swhich in our study 
may be confirmed by a decrease inpostoperative ssel 
diameter in smokers when compared with the vessel 
Coefficient s.E. p-value O.R. 
0,96 0.60 0.11 2.6 
0.58 0.004 0.19 
1.50 0.02 31.0 
10.0 0.29 0.00003 
0.0002 0.027 1.0 
0.04 0.47 1.0 
0.59 0.36 1.7 
0.74 0.05 4.3 
0.70 0.12 0.3 
0061 0.10 2.7 
0.67 0.42 0.6 
The odds ratio of turbulence after eversion endarterectomy and 
control, relative to Dacron patch plasty. The Dacron group was 
chosen as baseline, as this group was the largest, in order to increase 
the power of statistical tests. The O.R. of 0.19 of the controls indicates 
that after Dacron plasty the chance of turbulence is approximately 
five times higher compared with control. The O.R. of 2.6 after 
eversion, relative to Dacron, indicates approximately 14 times more 
chance of turbulence compared with control; the two surgical tech- 
niques did not differ significantly. The O.R. related to postoperative 
diameter, strain and elastic modulus: the O.R. indicates the chance 
of turbulence per unit change in either of the variables. The O.R. 
related to risk factors: the presence of hypertension is related to a 
4.3 times higher chance of turbulent flow. Correction for hyper- 
tension did not after the O.R. of surgical technique. 
diameter in non-smokers. The finding that hyper- 
tension was related to turbulent flow may also im- 
plicate the risk of restenosis. 36 Finally, the finding of a 
larger postoperative ssel diameter in older patients 
is not surprising, since arteries dilate with age, a fact 
that has been documented both for the abdominal 
aorta and the common carotid artery. 37'38 
The total number of eversion endarterectomies was 
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small, and the study was not designed to compare 
the restenosis rate among the surgical techniques, 
especially as the procedures were not randomised. 
Therefore, conclusions about the prevalence of re- 
current stenosis are not reliable, although the finding 
that recurrent stenoses did not occur with eversion 
endarterectomy suggests that this technique has a 
good patency rate; the very low percentage ofrecurrent 
stenosis after Dacron closure suggests that this tech- 
nique, too, has a good patency rate. Both techniques 
have been evaluated in larger populations and have 
shown a low prevalence of recurrent stenosis. 39-~2 
Our study has several limitations. First, intra- 
observer variabil ity may diminish the reliability of 
the ultrasonographic measurements. (Interobserver 
variabil ity was eliminated because one investigator 
performed all measurements.) The ultrasonographic 
data aquired by M-mode imaging may not be as 
reliable as the alternatively used echo-tracking tech- 
nique, although similar studies from our institution 
and by others have shown that evaluation of the 
carotid vessel wall with u l t rasonography is a re- 
producible method. 43 Second, we were unable to 
correct for the length of time until fol low-up, since 
patients who had undergone eversion en- 
darterectomy were usually scanned later than 
patients who had undergone Dacron patch plasty. 
However,  it is probable that over time the elastic 
modulus  will only increase and turbulence will de- 
crease, whereas the diameter may decrease. In the 
Dacron group, which had a relatively large post- 
operative vessel diameter, the decrease in diameter 
caused by the "intimal" lining of the patch might 
lead beneficially to a more normal diameter. Third, 
the control group was small, because we excluded 
contralateral stenotic carotid arteries in order to 
compare operative technique to an age- and sex- 
matched control artery. This exclusion is particularly 
important when lumen diameter and wall stiffness 
are being investigated, as any wall thickening may 
reduce diameter, strain, and compliance. Data were 
sufficient, however, for a reliable assessment of the 
differences between the controls and reconstructed 
vessels. 
In conclusion, the wall characteristics of the carotid 
artery after eversion endarterectomy seem to resemble 
the unoperated carotid artery more closely than en- 
darterectomy followed by Dacron patching. The 
Dacron patch was associated with an increase in vessel 
wall stiffness and a larger diameter, whereas eversion 
endarterectomy was not. Whether these vessel wall 
characteristics are associated with recurrent stenosis 
remains to be determined in a follow-up study. 
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